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CONVERSION FACTORS

For the convenience of readers who prefer to use metric 
(International System) units, conversion factors for terms in 
this report are listed below:

Multiply inch- 
pound units

inch (in.) 
foot (ft) 
mile (mi) 
square mile (mi 2 
cubic foot per

second (ft3/s) 
foot per mile

(ft/mi)

ly

25.40
0.3048
1.609
2.590
0.02832

0.1894

To obtain metric units

millimeter (mm) 
meter (m) 
kilometer (km) 
square kilometer (km2 ) 
cubic meter per second

(m3/s) 
meter per kilometer

(m/km)

Temperature in degrees Fahrenheit (°F) can be converted to 
degrees Celsius (°C) as follows:

'F = 1.8°C + 32



PRELIMINARY REPORT ON A STUDY TO ESTIMATE FLOOD VOLUMES OF SMALL 
RURAL STREAMS IN (BIO: METHODS, SITE SELECTION, AND DATA BASE

By James M. Sherwood

ABSTRACT

In April 1981, the U.S. Geological Survey, in cooperation 
with the Ohio Department of Transportation and the Federal Highway 
Administration, began a 7-year flood-volume study of small rural 
basins in Ohio. This report summarizes the methods of study 
and describes reconnaissance and site-selection procedures, loca 
tions and characteristics of the stations, instrumentation, and 
methods of collecting and storing data.

The first phase of this study involved an intensive field 
reconnaissance of about 7,000 sites, of which 32 basins were 
selected for detailed analysis. Drainage areas for the basins 
varied from 0.13 to 6.45 square miles, and main-channel slopes 
ranged from 7.6 to 276 feet per mile.

Five years of 5-minute rainfall-runoff data will be collected 
for each study site. These data will be used to calibrate and 
verify a rainfall-runoff model for each basin. The calibrated 
model will be used in conjunction with 80 years of National 
Weather Service 5-minute precipitation data to synthesize a 
representative 80-year streamflow record at each site. A Log- 
Pear son Type III frequency distribution will be applied to each 
record to define the magnitudes and frequencies of flood volumes 
at each site. These data will be used to develop regionalized 
multiple regression models for estimating flood-volume magnitudes 
and frequencies at small rural ungaged sites in Ohio.

The report also summarizes rainfall-runoff data collected 
from July 1981 through September 1983, but does not interpret the 
data. An average of eleven event periods per site were monitored 
where maximum 5-minute rainfall intensities varied from 0.02 
to 0.67 inches and maximum peak discharges varied from 1 to 
1,130 cubic feet per second.



INTRODUCTION

Highway engineers and bridge designers in Ohio require infor 
mation about floods from small (less than 10 square miles) rural 
basins to economically design hydraulic structures to control and 
safely convey these flows. In the past, design considerations 
have been based on the magnitude and frequency of instantaneous 
peak flows. A design approach that considers the magnitude and 
frequency of flood volumes and the shape of the flood hydrograph 
would aid in the design of hydraulic structures such as culverts 
and detention basins. This design approach uses the temporary 
storage of flood flows to reduce the flood peaks and safely convey 
the flood waters.

A review of previous data collected in Ohio showed that com 
plete hydrograph records from small rural basins were not gener 
ally available. Most of the data collected were from crest-stage 
gages, which record flood peaks only. In April 1981, the U.S. 
Geological Survey, in cooperation with the Ohio Department of 
Transportation and the Federal Highway Administration, initiated 
a 7-year flood-volume study of small rural basins in Ohio, 32 of 
which were selected for detailed analysis (fig. 1). The purpose 
of this study is to develop simple and straightforward methods 
for estimating the magnitudes and frequencies of flood runoff- 
volumes and deriving the shapes of flood hydrographs at ungaged 
sites. Regression models for estimating flood volumes at ungaged 
sites, examples of how to use the models, and techniques for esti 
mating hydrograph shapes at ungaged sites will be presented in a 
final report.

Purpose and Scope

This report summarizes the methods of study for estimating 
flood volumes of small rural stream basins in Ohio, and describes 
basin-reconnaissance and site-selection procedures, locations and 
characteristics of the stations, instrumentation, and methods of 
collecting and storing data. The report also lists rainfall- 
runoff data and daily rainfall values collected from July 1981 
to September 1983 for 32 small stream basins.

METHODS OF STUDY 

Estimation of Flood Volumes

Rainfall-runoff data will be collected for 5 years at 
32 small rural sites having a representative range of basin char 
acteristics such as drainage area, slope, and land cover. (The 
data-collection phase of the project is described in detail later 
on in this section.)
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The following methods will be used to process the data and 
will be discussed in detail in the final report:

1. The data will be used to calibrate the 
U.S. Geological Survey rainfall-runoff 
model at each site.

2. The calibrated model will be used in con 
junction with 80 years of National Weather 
Service 5-minute precipitation data to syn 
thesize a representative 80-year streamflow 
record at each site.

3. The Log-Pearson Type III Frequency Distri 
bution (U.S. Water Resources Council, 1981) 
will be used to define the frequencies of 
flood volumes at each site.

4. Regionalized models for estimating flood- 
volume magnitudes and frequencies at un- 
gaged sites will be developed by applying 
multiple regression techniques that relate 
flood volumes to physical and climatic 
variables.

5. A dimensionless hydrograph will be devel 
oped that will utilize flood-peak and 
flood-volume data to generate a complete 
design-flow flood hydrograph.

6. The relationship between flood peak and 
flood volume will be investigated to 
develop a method of determining one from 
the other.

Basin-Reconnaissance and Site-Selection Criteria

One of the most important phases of this study was recon 
naissance and site selection. Two broad categories of character 
istics controlled and guided the selection process: (1) Physical 
and hydraulic characteristics of the potential gaging location, 
which influence the quality of data that can be collected there, 
and (2) basin characteristics, which influence runoff processes 
in both a temporal and quantitative manner and vary from basin 
to basin; a representative sampling of basin characteristics is 
required to ensure general applicability of the regionalized 
regression models this study proposes to develop. The variables 
considered within these two categories are discussed in detail 
in the following sections.



Physical and Hydraulic Characteristics

The scope of this project deemed that it was not economically 
feasible nor physically possible to attempt to establish a stage- 
discharge relationship by means of current meter measurements. 
Therefore, only sites where a reliable theoretical culvert rating 
could be established were considered. The factors that control 
the reliability of theoretical stage-discharge relationships at 
culverts include: uniformity of slope, size, shape and material; 
absence of debris in culvert barrel; sufficient contraction at 
culvert entrance; infrequent road overflow; straight and clear 
approach; and adequate slope and conveyance downstream to prevent 
any backwater problems. These variables were checked at each 
potential site and only those meeting these criteria were 
selected.

Basin Characteristics

Basin characteristics and climatic variables will be related 
to flood volumes by applying multiple regression analysis on a 
regional basis. Webber and Bartlett (1977) divided Ohio into five 
geographic areas (fig. 1) on the basis of glacial history, plots 
of residuals (areal plots of differences between computed and ob 
served flood peaks for gaging stations), topography, and general 
ized soil regions. A representative cross-section of drainage 
areas less than 10 square miles was needed throughout each of 
these five areas and throughout the State. Areas 2 and 5 were 
combined because of the similarity of their characteristics. 
Less than 5 percent storage and less than 10 percent urbanization 
were required at all sites. Some variation of the other basin 
characteristics (table 1) was needed and was accomplished by the 
basin locations being equally distributed throughout the State.

Thirty-two small rural stream basins (drainage area less 
than 10 square miles) were needed in a Statewide network. A 
total of 111 active crest-stage gage sites were screened for 
acceptability because most of the physical and hydraulic char 
acteristics (including flow type) and basic characteristics were 
already documented; eight sites were selected. Map and field 
reconnaissance were used to select the 24 additional sites on 
the basis of the criteria discussed previously. About 7,000 sites 
were initially identified on 7.5-minute topographic maps and field 
checked. Culvert dimensions and other site information were re 
corded in field notes, and drainage areas were computed for 344 of 
these sites. About 240 sites met the criteria; from these, the 
selection of the 24 additional stations was made. Figure 1 shows 
the locations of the 32 study sites.



Description of Study Sites 

Basin Characteristics

Basin characteristics will be used as independent variables 
in a regression analysis to develop relationships for estimat 
ing runoff volumes. The methods of computation are explained 
below. Results are summarized in table 1.

Drainage area (D.A.)   in square miles, as computed from 
U.S. Geological Survey 7.5-minute topographic quadrangle maps.

Main-channel slope (Slope)   in feet per mile, computed as 
the difference between the elevations (in feet) at 10 and 85 per 
cent of the channel distance from the stream gage to the basin 
divide, divided by the channel distance (in miles) between the two 
points as determined from topographic maps.

Main-channel length (Length)   in miles, from stream gage to 
basin divide, as determined from topographic maps.

Average basin elevation (Ave. Elev-)   in feet above sea 
level, computed by placing a uniform grid overlay over the topo 
graphic map for the station and averaging the elevations of 20 to 
80 points within the basin.

Average basin elevation index (Elev. 10.85)   in feet above 
sea level, computed by averaging the elevations at the 10- and 
85-percent distance points along the channel as determined from 
topographic maps.

Surface-storage index (Stor.)   in percent, is percentage of 
total basin drainage area occupied by lakes, ponds, and swamps, as 
determined from topographic maps.

Forest area (Forest)   in percent, is the percentage of total 
basin drainage area occupied by forest cover as determined from 
green-tinted areas on topographic maps.

Latitude of the stream gage (Latitude)   in decimal degrees 
north of the equator.

Longitude of thjs stream gage (Longitude)   in decimal 
degrees west of the prime meridian.

Average annual precipitation (Precip.)   in inches, deter 
mined from an isohyetal map published by the Ohio Division of 
Water (1962).

Maximum 24-hour rainfall (124.2)   in inches, having a re 
currence interval of 2 years, as determined from U.S. Weather 
Bureau Technical Paper 40, U.S. Department of Commerce (1961).



January mean minimum temperature (Jan. min.)   in degrees 
Fahrenheit, determined from U.S. Weather Bureau Climatography of 
the United States No. 60-33, U.S. Department of Commerce (1959).

Flood-Peak Magnitudes and Frequencies

Four of the eight existing crest-stage gage stations (station 
numbers 03123400, 04186800, 04192900, 04210100) had sufficient 
annual peak discharge data to determine magnitudes and frequencies 
of flood peaks by application of the Log-Pearson Type III fre 
quency distribution (U.S. Water Resources Council, 1976). Flood 
peak frequencies for the other 28 stations were computed using the 
regression equations developed by Webber and Bartlett (1977), 
which relate physical and climatic factors of stream basins to 
peak discharge at gaging stations.

The flood-peak frequency data were used primarily as an aid 
in determining the range of discharges to be covered when develop 
ing the theoretical stage-discharge relationships for each sta 
tion. They were also helpful in determining the likelihood of 
road overflow occurring at sites where it seemed possible. Flood- 
peak magnitudes and frequencies for each station are summarized in 
table 2.

Culvert Geometry

After the installation of streamflow and precipitation moni 
toring equipment at each station, a vertical-control survey was 
used to establish the elevations of several reference marks, the 
upstream and downstream inverts, the point of road overflow, and 
the datum of the stage-recording gages. The datum for each sta 
tion is arbitrary and does not refer to sea level. The approach 
section was also surveyed. The material, shape, and roughness 
coefficient of the culvert were recorded and the height, width, 
and length measured. These data were used to determine the pos 
sible flow types (Bodhaine, 1968) and develop the theoretical 
stage-discharge relationships. Culvert geometry is summarized in 
table 3.
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Instrumentation

The stream gage at each site consists of an analog digital 
recorder (ADR), set to a 5-minute punch interval and housed in a 
20-inch, cube-shaped steel shelter. The shelter is mounted on a 
3-inch aluminum float well attached at the upstream end of the 
culvert. The well intake is a 2-inch-diameter steel pipe with a 
static tube on the end. The intake extends from the base of the 
well to a point one culvert width upstream from the culvert en 
trance. A crest-stage gage is mounted at the downstream end of 
the culvert to confirm the nonoccurrence of type 3 or type 4 
flow (backwater conditions requiring measurement of stage 
downstream).

Rainfall data are recorded by another ADR (5-minute punch 
interval) housed in a similar steel shelter with a 50-square- 
inch rainfall collector on top. The shelter is mounted on a 
3-inch aluminum float well with a drain valve at the base. A 
tube inside the shelter connects the collector to the float well. 
The rain gage is installed at the stream-gage site if the rain 
fall will not be obstructed by surrounding trees. Otherwise, the 
rain gage is installed at an unobstructed, accessible location 
elsewhere within the basin. Photographs of several typical in 
stallations are shown in figure 2.

Data Collection and Storage

The 32 stations are divided among four servicing routes. 
Each station is serviced once every four weeks. Data collection 
is discontinued during the winter months because the equipment is 
not capable of recording snowmelt accumulations, the model is not 
capable of simulating snowmelt runoff, and the stage-discharge 
relationships are valid only for unobstructed (no ice) culvert 
flow. Because the major thunderstorm periods occur during the 
spring and summer months, the loss of usable rainfall-runoff data 
due to the winter shutdown is minimal. Data collection begins 
at the end of March each year and is completed by the beginning 
of December.

Rainfall and runoff data are collected at 5-minute inter 
vals. Daily rainfall totals are stored for all days, and the 
5-minute data for both rainfall and runoff are stored for all 
rainfall-runoff events. All data are stored in the USGS WATSTORE 
System (Hutchinson, 1975). The units for rainfall are total rain 
fall for each 5-minute period in inches. The units for discharge 
are the instantaneous discharge rates in cubic feet per second. 
Examples of unit rainfall and unit discharge data are presented 
in tables 4 and 5, respectively.

If periods of daily rainfall data are missing due to a faulty 
recorder or the winter shut-down period, data are substituted 
from a nearby rainfall station operated by the National Weather 
Service.
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RAINFALL-RUNOFF AND RAINFALL DAILY-VALUES DATA

Tables 6-37 contain rainfall-runoff data and tables 38-69 
contain rainfall daily-values data for each of the 32 basins 
studied. The rainfall-runoff tables summarize the unit data 
stored in the WATSTORE Unit Values File by event periods. Ante 
cedent moisture index (AMI) is the 10-day antecedent precipitation 
index as defined by Linsley, Kohler, and Paulhus (1975). AMI was 
computed from the equation:

10

AMI £ Pn Kn 

n = 1

where Pn is equal to the daily rainfall for the nth day and K 
(a recession factor) was chosen to equal 0.90. Thus, the index 
for any day is equal to that of the previous day multiplied by the 
recession factor K. If rain occurs on any day, the amount of rain 
is added to the index. The rainfall daily-values data tables are 
computer output of WATSTORE program DVRETR (Hutchinson, 1975).
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